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ABSTRACT 
The Gurson–Tvergaard–Needleman (GTN) model, is widely used to predict the failure of 
materials based on lab specimens, The direct identification of the GTN parameters is not 
easy and its time and money consuming. 
The Gurson model is based on micro-mechanical behavior of ductile fracture, containing 
void nucleation, growth and coalescence 
The most used method to determine the GTN parameters is the combination between the 
experimental and FEM results 
 In this paper we are going to determine the GTN parameters for the SENT specimen 
based on the fracture toughness test of CT specimen. 
The reason behind choosing the SENT specimen is because it can be very good 
representative of the pipe for both uniaxial and biaxial loading conditions. [1] 
The Results show that the GTN parameters concluded from CT simulations, predict very 
well the crack initiation and propagation of SENT specimen which confirm the validity 
of this model, as already proved in the literature. 
Introduction 
Ensuring the Nuclear Safety of the Nuclear power plant, that’s mean keep all the parts 
working properly and with high performance, therefore the pipeline is one this parts, the 
leakage problem in the pipes are very critical issue that’s might lead to catastrophes if we 
didn’t detect it from the beginning. 
In order to predict the crack initiation and propagation in the pipe we need to determine 
the GTN parameters which is not easy for large scale materials, that why we use the 
SENT specimen because its presents a very good transferability with regards to the pipe. 
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 GURSON MODEL 
 
Gurson Tvergaard Needleman (GTN) model (Gurson, 1977; Tvergaard, 1981; Tvergaard 
and Needleman, 1984),  it’s very known damage model that’s widely used in engineering 
application to predict the failure of materials such as steel cast iron, copper, and 
aluminum and there is some studies which prove the usability of the model in the case of 
polymer also [2] Gurson, Tvergaard and Needleman’s damage model (GTN model) [3] is 
an analytical model that predicts ductile fracture on the basis of nucleation, growth and 
coalescence of voids in materials. The model is defined as: 
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In which q1 is the material constant, trσ is the sum of principal stresses, σM is the 
equivalent flow stress and f* is the ratio of voids effective volume to the material volume 
ratio defined as follows:  
                                                            cf f f
   If cf f                                                      (2) 
                                         
 
 1
1/ c
c c
f c
q f
f f f f f
f f
   

 if cf f                                      (3) 
Where f is the voids’ volume ratio, fc is the voids’ volume ratio at the beginning of 
nucleation and ff is the voids’ volume ratio when fracture occurs. 
σM  is the equivalent flow stress and its is obtained from the following work hardening relation: 
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In which n is the strain-hardening exponent and 
pl
M  is the equivalent plastic strain.  
The voids’ growth rate is the sum of existing voids growth 
.
gf  and the new voids’ 
nucleation 
.
nf  
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 Where the components are further formulated as follows: 
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In which 
 
.
pl
x y ztr       is the volume plastic strain rate, SN is the voids’ nucleation 
mean quantity, fn is volume ratio of the second phase particles (responsible for the voids’ 
nucleation) and εN is mean strain at the time of voids’ nucleation.  
So, GTN model involves eight parameters which can be defined in a vector form by [3]: 
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Fracture toughness test 
 
Figure 1 CT specimen 
In order to determine the GTN parameters for the SENT specimen we use the fracture 
toughness test data. These tests were performed on compact tension (CT) specimens, as 
shown in figure 1; its dimensions are also shown in the same figure. 
 According to the literature (Bauvineau et al. 1996; Decamp et al. 1997; Siegmund et al. 
1998; Schmitt et al. 1997; Skallerud and Zhang 1997; Benseddiq and Imad 2008), we 
were able to have initial values of GTN parameters as listed in Table 1[4] for steels.  
Table 1 Gurson parameters according to litterature 
 
We took advantage of the symmetry and we make the 3D FEM model just for the half of 
the CT specimen as shown in the figure 2 the FEM model contains total of 58,103 nodes 
and 51,512 elements. We shall proceed to the mesh refining near the crack tip because in 
this zone the gradient of strain and stress is intense, unlike the upper part of the specimen, 
which saves a little more of computing time the mesh size in the front of the pre-crack tip 
is 0.125 mm × 0.0625 mm, and the mesh is composed of quadratic axisymmetric 
elements with 8 nodes. The contour plot of the void volume fraction of the deformed 
specimen is shown in Fig. 3, in which the crack has propagated into the specimen.  
The observed force (kN) versus crack opening displacement (mm) measurement is 
plotted in Fig. 4, along with the FEM simulations. In the simulations, the initial crack of 
a0/W = 0.61 was used. Therefore, COD measurement was made on the knife-edge 
features in the mouth of the CT specimens. The simulations were done with different sets 
of GTN parameters. It can be seen that almost all of the simulated force-COD curves are 
in reasonable agreement with the experimental data up to the peak load except for the 
simulation 2. As we can notice from the curves that the best match in the post-peak stage 
is observed in the simulation 1 and simulation 8 see figure 5. 
In addition to this and as we can see in the figure 3b, the GTN model predict well the 
crack initiation and propagation  for the CT specimen. 
 
Figure 2 FEM of CT specimen 
                                                              
Figure 3a The contour plot of the void volume fraction of the deformed specimen    Figure 3b The crack Propagation of the CT 
specimen 
 
Figure 4 force-COD curves of 10 simulations 
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Figure 5 force-COD curves of the simulations 1 and 8 
 
We summarized in the Table 2 all the GTN parameters used during the simulations. 
According to the literature [4] the values of q1 and q2 are fixed, q1=1.5 and q2=1. 
 
Table 2 Table of GTN parameters for different Simulations. 
 Initial Void 
Volume 
Fraction 
Critical Void 
Volume 
Fraction 
Failure Void 
Volume 
Fraction 
Mean Strain 
for 
Nucleation 
Standard 
Deviation 
Volume Fraction 
for Void 
Nucleation 
Simulation 1 0.003 0.07 0.35 0.65 0.005 0.3 
Simulation 2 0.003 0.2 0.3 0.3 0.05 0.06 
Simulation 3 0.0032 0.22 0.35 0.3 0.05 0.05 
Simulation 4 0.0015 0.12 0.35 0.3 0.05 0.08 
Simulation 5 0.001 0.15 0.3 0.22 0.05 0.05 
Simulation 6 0.001 0.17 0.32 0.25 0.05 0.05 
Simulation 7 0.001 0.1 0.33 0.17 0.05 0.024 
Simulation 8 0 0.045 0.27 0.2 0. 45 0.05 
Simulation 9 0.001 0.1 0.33 0.165 0.05 0.025 
Simulation 10 0.001 0.1 0.33 0.2 0.05 0.025 
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 By comparing the experimental crack propagation to the simulation we can notice that 
they are quite the same which can lead us to confirm that with GTN parameters used in 
the simulation 1 and 8 we can predict the crack propagation. 
According to the previous simulations and references, the most sensitive parameters are 
fn volume fraction for the void nucleation, and fc critical void volume fraction. 
If we compare the GTN parameters used in the simulations 1 and 8 we can see that the 
closest parameters to the literature data Table 1 are the parameters used in the simulation 
8. 
 
Prediction of Crack propagation for SENT SPECIMEN. 
 
In order to check the validity of the GTN parameters that we found from CT Simulations, 
We are going to deal with the SENT specimen. 
The dimensions of the SENT specimen are shown in the figure 6. 
As we did for the CT simulation, we are going to use the axisymmetri, and make the 3D 
model just for the ¼ of the specimen, the FEM model contains total of 75,461 nodes and 
68,160 elements. The mesh size in the front of the pre-crack tip (figure 7) is the same as 
the CT specimen in order to avoid the effect of the sensibility of the mesh on the results 
(0.125 mm × 0.0625 mm) and the mesh is composed of quadratic axisymmetric elements 
with 8 nodes. The contour plot of the void volume fraction of the deformed specimen is 
shown in Fig. 8a, in which the crack has propagated into the specimen.  
We run the FEM simulation based on the GTN parameters that we got from simulation 8, 
the results shows that the simulation curve fits the experimental curve and they are in a 
good agreement Fig. 9. 
In addition to this and as we can see in the figure 8b, the GTN model predict well the 
crack initiation and propagation which prove again the validity of this model. 
 
 
Figure 6 dimension of SENT specimen 
 Figure 7 The 3D FEM of SENT specimen 
                                        
Figure 8a the contour plot of the void volume fraction of the deformed specimen    Figure 8b The crack propagation in the 
SENT specimen 
 
Figure 9 force-COD curve 
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Conclusion 
As a conclusion of this work, we have performed 3D FEM analysis to study ductile 
fracture of the SENT specimen because he is good representative of the PIPELINE.  
To describe the crack propagation we did use the GTN model because it’s a powerful and 
applicable tool comparing to the other models.  
The GTN model parameters are determined using the CT specimen test data of steel 
extracted from the same plate of material used for the SENT specimen. 
  
The GTN parameters found during the CT simulation predict well ductile fracture in 
SENT specimen. 
 
Perspectives  
 
Our main goal is to determine the GTN parameters for pipeline, which will be our future 
work. 
However the simulation its time and consuming which lead us to start thinking about 
using other methods to determine the GTN parameters in our future work, which is the 
Artificial Neural Network and different optimization methods 
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